Of the twenty-two components of tea decoctions commonly used to treat infections, only Scutellaria, Taraxacum, Tussilago and Glycyrrhiza exhibited antimicrobial activity. The activity, when present, was organism specific, i.e., anti-Staphylococcus aureus, including anti-MRSA activity under aerobic and/or anaerobic conditions. However, with the exception of Scutellaria, sub-inhibitory concentrations of the herbs exhibited a pattern of inducing enhanced production of biofilm.
Herbs show promise as a source of novel antibiotics. Chinese herbal medicine (CHM) utilizes plants that come from many different sources and are consumed in various forms, including teas (herbal decoctions), which are prepared by using hot water extraction {Chan, 2008 #16;Chao, 2006 #15;Zhang, 2010 #27}. Although numerous herbs have shown some antimicrobial activity there is significant variation in the literature with regards to herbal antibiotic activity, in part due to the various extraction methods used, such as pressurized liquid extraction, sonication, supercritical fluid extraction and hydrodistillation, the solvent (water [1] [2] [3] , oil [4] and ethanol [5] ), and conditions of testing (aerobic) [1, [4] [5] [6] [7] . Of note is that neither extraction method nor testing conditions may reflect typical usage of the herbs in CHM or host environment [8] [9] [10] [11] . Furthermore, only a few of these studies reflect the effects that herbal extracts have on biofilm formation; a bacterial behavior that is present in the majority of infectious processes [12] [13] [14] [15] [16] .
Biofilm matrices physically protect bacteria against host products, e.g. antibodies, and antibiotics [14, [17] [18] [19] . In addition, biofilm embedded bacteria exhibit a diverse physiologic profile as a result of growth in both aerobic and anoxic conditions, depending on where the bacteria are embedded in the protein and polysaccharide matrix that could significantly alter their response to environmental hazards, e.g. antibiotics [20] [21] [22] [23] . Thus, in most infectious processes where biofilms are present, e.g. chronic wounds and medical devices, bacteria will be growing anaerobically, either via fermentation or anaerobic respiration, and they will be exposed to sub-minimal inhibitory concentrations (sub-MIC) of antimicrobial agents. The aim of this study was to determine the aerobic and anaerobic antimicrobial activity of twenty-two Chinese herbs in common usage in CHM, as the main constituents in three routinely used anti-infection herbal decoctions prepared by heat/water extraction methodology [6] , and whether there is an association between antimicrobial activity and biofilm formation.
Of the components that exhibited activity, Scutellaria baicalensis was the best, and was also specific for Staphylococcus aureus (Table 1 ). S. baicalensis had activity against MSSA and MRSA isolates with better activity under aerobic than anaerobic conditions (MIC/MBC aerobic titer 64-256/32-256; anaerobic titer MIC/MBC 32/4-32, respectively). In contrast, Glycyrrhiza glabra exhibited higher activity under anaerobic conditions (MIC/MBC aerobic titer 4-8/2-8 and MIC/MBC anaerobic titer 16/4-8) and is also the only herb with activity against Streptococcus faecalis (MIC/MBC titer 4/0). Taraxacum officinale (MIC/MBC aerobic titer 4-16/2-16) and Tussilago farfara (MIC/MBC aerobic titer 0-16/0-16) exhibited aerobic activity, but neither was inhibitory under anaerobic conditions. In addition, T. farfara activity varied between herbal batches. None of the decoctions tested inhibited either E. coli or P. aeruginosa. The other herbs all displayed a pattern of increased biofilm formation, which reached the level of significance that was strain and growth condition specific. Of particular interest is that T. farfara induced a significant (p<0.05) increase in biofilm levels in the absence of any inhibition of growth.
In conclusion, aqueous extracts of Scutellaria baicalensis have specific targeted activity against methicillin-resistant S. aureus. However, this activity was suppressed under anaerobic growth conditions such as those found in most biofilm-associated processes. Of particular note was that S. baicalensis either inhibited or had no effect on biofilm formation, in contrast to the other herbs tested that had exhibited antimicrobial activity.
Experimental
Plant materials: Twenty-two herbs were selected and purchased at a local CHM vendor based on common worldwide usage ( [41] . Bacteria were stored frozen (-80°C) until use.
Extraction of plant materials:
Three decoctions were initially prepared for testing as commonly recommended ( Table 2 ). The combinations were: decoction A (components 1, 2, 4, 6, 9-11, 13, 15) ; decoction B (components 7, 8, 11, 17, 19, 21) ; and decoction C (components 3, 5, 12, 14, 16, 18, 20, 22) . Each individual component was then screened individually. Both decoction mixtures and individual components were prepared by the standard heat/water extraction method. Herbs alone, or as part of decoctions A-C, were boiled for 110 min with 1.183 L of sterile deionized water until the decoction was concentrated to 236.60 mL, which resulted in a 5 to 1 concentration of the extracts. Antimicrobial activity of the decoction components in combination was no better than the best activity of the individual components.
Antimicrobial screening: For testing, the organisms were grown overnight on Mueller Hinton agar. Standard microdilution antibiotic testing methodology was used [41] . Briefly, colonies from these cultures were suspended in Muller-Hinton broth to the equivalent of a 0.5 McFarland Standard (0.132 Abs 600 ). Broth (100 μL) was then added to 96 well V-bottom plates containing the decoctions of herbs serially diluted in MH (100 μL). After incubation (24 h, 37°C), the Minimum Inhibition Concentration (MIC) was determined and the Minimum Bactericidal Concentration (MBC) containing serial twofold dilutions of the extract were tested (n=4). All tests were made in quadruplicate and repeated at least once.
Extract sterility and stability:
The extracts with antimicrobial activity (Scutellaria baicalensis, Taraxacum officinale, Tussilago farfara and Glycyrrhiza glabra) were stored at 4˚C after use. At various time intervals, the decoctions were tested for sterility and antimicrobial activity. For sterility testing, 100 μL of extract was spread on a Muller Hinton plate and incubated for 24 h and 48 h at 37˚C under aerobic and anaerobic condition. The plate was then observed for visible growth. After sterility testing, antimicrobial activity was assessed using the microdilution method described above. All extracts retained their activity and sterility for at least 2 months (data not shown).
Biofilm formation:
The effect of decoctions with proven antimicrobial activity on biofilm formation was assessed as previously described [17] . Microtiter plates containing bacterial suspensions grown as previously described were emptied, washed 3 times with sterile phosphate buffered saline (pH 7.4), air dried, stained for 1 min with 300 μL of crystal violet, and then washed with water and air dried. The stained biofilms were extracted with 300 μL EtOH (absolute) to resuspend the stain and examined with a spectrophotometer (Abs 540 ) to quantify the amount of stain/well. Each assay was performed in quadruplicate. As a measure of activity, relative biofilm formation was defined as follows: (mean Abs 540 of treated well/mean Abs 540 of control well)×100.
Statistics: Data were evaluated by analysis of variance (ANOVA; GraphPad InStat 3.10 for Windows, GraphPad Software Inc.). Mean values were considered significantly different at p<0.05. 
